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M a n u s c r i p t A c c e p t e d M a n u s c r i p t
Introduction
In human standing, the body's degrees of freedom are organized in two spontaneously emerging and intuitively stable coordination modes depicted in the phase relationship between the ankle and hip angular motions, namely the in-phase (0-20 o phase angle) and the anti-phase (160 o -180 o ) mode [1] . Transitions between modes are determined by interactions between task and environmental constraints such as visual and auditory driving stimuli [2, 3] and support surface dynamics [4] .
When the frequency of the driving stimulus reaches a critical level (i.e. 0.5 Hz for a visual target oscillation) a transition from the in-phase to the anti-phase ankle-hip coordination occurs in order to maintain coupling to the external driving stimulus [5] .
Somatosensory information coupling between partners enrolled in a rhythmic activity results in spontaneous interpersonal entrainment. This has been observed in people walking [6] or swaying rhythmically [7, 8] side by side while maintaining mechanical or haptic contact. Yet, interpersonal entrainment is a weaker form of coordination when compared to the coupling arising between the limbs/segments within the human body [9] . This is due to a difference in the strength of the attractor dynamics underlying these two forms of coordination, i.e. sensory feedback versus neuromuscular linkage. 
Method

Participants
Twenty-four (24) young adults, classified into two groups based on their prior experience in traditional Greek dance, volunteered to participate in the study. These consent. An elaborate cover story was used to distract participants from the experiment's true purpose, and thus to maintain the single-blind nature of this study (for a description of the cover story see [8] ).
Task and Procedure
Participants were tested in couples of similar gender, age and height. A set of binaural earphones (Stereo Headphones HD3030) provided the auditory pacing tone and blocked any sounds other than this cue. Partners stood next to each other (shoulder to shoulder distance: 10 cm) while facing forward adopting a natural bipedal quiet stance (feet flat and parallel, inter-malleolar distance at 10 cm, Fig 1) .
A c c e p t e d M a n u s c r i p t (Fig 1) . Four (two with frequency up scaling and two with frequency down scaling) trials were presented in a counterbalanced order. A 3-minute break was given between trials.
Data Analysis
Kinematic data were recorded with a 10-camera motion capture system (Vicon Motion Systems, Oxford, UK, 100 Hz). Four reflective markers were attached to the skin (with double sided adhesive tape) on the following anatomical landmarks (Fig 1) : region across all frequency levels (up-scaling: F(9,198)=13.016, p=.001 and downscaling: F(9,198)=13.277, p=.001). Touch had no effect on the ankle-hip Relative Phase.
Results
Postural (ankle-hip) coordination
Interpersonal Coordination
The magnitude of the ankle-ankle coherence (Fig 4a-b) significantly changed with frequency (up-scaling: F(9,90)=5.802, p=.003; down-scaling: F(9,90)=2.079, p=.040). However, this was not significantly different between groups and was not affected by touch. On the other hand, the Relative Phase between the partners' ankle rotations (Fig 4c-d) 
Discussion
This study investigated the interaction between postural coordination and haptically mediated interpersonal entrainment during frequency scaled sway in dancer and non-dancer couples. The main hypothesis was not confirmed because the anklehip coordination was not affected by light fingertip touch despite the emerged interpersonal entrainment. This finding is in agreement with the results of previous studies showing that spontaneous visually mediated interpersonal entrainment does not alter the stability of inter-limb coordination during bimanual upper limb rhythmic actions [9] or the ankle-hip coordination during a visual tracking task [11] . It is therefore confirmed that the neuromuscular or mechanical coupling arising between M a n u s c r i p t 11 the segments within the body forms a stronger coordinative structure when compared to the sensory (informational) mediated coupling between partners jointly performing a rhythmical task. Moreover, in the present study, the metronome might have imposed a stronger task constraint when compared to touch that did not allow haptic feedback about the other partner's sway to interfere with the ankle-hip dynamic. This possibility is supported by our previous findings showing that non dancers cannot exploit interpersonal touch to further synchronize with their partner when sway is already paced by an auditory metronome [8] . Moreover, when sway was paced by different metronome tempos, dancers completely ignored the interpersonal touch stimulus and stayed tuned to the metronome imposed sway frequency [7] .
We further predicted that the effect of touch on interpersonal entrainment would be dependent on the strength of the ankle-hip coupling across increasing/decreasing sway frequencies. A consistent effect of dance expertise on both postural and interpersonal dynamics seems to confirm this prediction.
Specifically, dancers showed a strong ankle-hip in-phase coupling across all frequencies and also stayed entrained to their partner with touch. Non dancers on the other hand exhibited a loss of the ankle-hip coupling at higher frequencies that was accompanied by a reduced effect of touch on interpersonal entrainment. These results suggest that the effect of touch on interpersonal entrainment depends on how reliably the haptic signal received at the fingertip depicts the other partner's sway [15] . A reliable feedback signal that enables sensing spatiotemporal information of the other partner's sway assumes an absolute in-phase ankle-hip coupling. When this is lost at higher frequencies, the upper body moves out of phase relative to the lower body and therefore light fingertip touch cannot provide reliable feedback about the other partner's sway. It is therefore likely that non-dancer partners would ignore the less M a n u s c r i p t 12 reliable information sensed at the fingertip in this case losing their ability to synchronize with their partner. Dancers on the other hand maintained a consistent in phase ankle hip coupling across the metronome frequencies which enabled the transfer of more reliable sway information with touch also enabling the interpersonal ankle and hip synchronization even at the higher frequencies. Dancers are known to maintain a more stable ankle-hip phase relationship than non dancers across a range of visual driving frequencies [12] . Furthermore, they have an improved multisensory integration capacity due to their prior experience in sensing the other partners' sway through handholding while attending to the instructed music or rhythm. Additionally, based on the present results, expertise in traditional Greek dances seems to modulate the relationship between interpersonal and postural coordination.
In conclusion, this study showed that interpersonal light touch cannot alter  Ankle-hip coupling was lost at high sway frequencies in non dancers  Non-dancers did not entrain with touch at high sway frequencies
